Introduction
it can even lead to suicide [4] .
In a 2013 analysis of depression by the Health Insurance Review Agency (HIRA), using assessment data for health insurance and medical aid from 2009 to 2013, the number of patients receiving treatment increased by approximately 109,000 (19.6%) over 5 years, with an average annual increase of 4.6%, while the total treatment costs increased by 57.9 billion KRW (27. 1%), equivalent to an average annual increase of 6.2%. In terms of sex, the annual number of female patients receiving treatment was approximately 2.2-fold higher than the number of male patients [5] . The prevalence of depression in Korean adults is 10.2%, but the rate is 6.6% for men and 13.7% for women, meaning that depression is approximately twice as common in women [6] . Reasons for the higher prevalence of depression in women include cyclic hormonal changes related to menstruation, childbirth, and menopause, in addition to the dual burden of marriage and child-rearing, abuse, low social achievement, genetic factors, and the characteristics of the female gender role [1] . Based on data from the US National Health and Nutrition Examination Survey from 2005-2008, the prevalence of depressive symptoms in adults was 22%, and 0.6% of these were reported to have severe depression [7] . Depression is a chronic, recurring disease that affects more women than men, and approximately 20% of women in the United States experience depression at some point in their lives [8] . By 2020, depression is predicted to be the second most prevalent disease worldwide, after cardiac disease [9] .
The severity of depression differs with health, with better health associated with lower severity of depression [10] . Depressed women have more health problems and physical symptoms than women who are not depressed, and depressive tendencies are associated with a more negative perception of one's own health [11] . Moreover, a study found that a group of individuals with experience of disease within the last year had a higher severity of depression than the group with no disease in the last year [12] .
Depression can be related to nutritional deficiencies, and dietary factors have been reported as risk factors for depression and cognitive impairment [13, 14] . Depression can be relieved through consumption of a natural, vegan diet with plenty of brown rice, mixed grains, whole grains, beans, raw vegetables, fruit, seeds, and nuts [15] . In addition, depressive symptoms were reported to improve when processed foods and caffeinecontaining foods were restricted for three weeks in depressed patients [16] . In a study from Europe, high consumption of fish was associated with a lower risk of depression, but this association was not present for Asia, North America, South America, or Oceania [17] . Meanwhile, among the psychological functions of carbohydrates, fatty acids, cholesterol, and folic acid, effects on depression have been reported, in particular [18] [19] [20] [21] , and good quality proteins, vitamins, and minerals have been reported to have a protective effect against depression [22, 23] . Depression could be also relieved through the consumption of sufficient vitamin B 1 , vitamin B 6 , vitamin B 12 , niacin, pantothenic acid, biotin, choline, calcium, phosphorus, magnesium, potassium, sodium, iodine, and copper, which are nutrients that participate in neural and mental activity [15] .
As reflected by the above studies, there have been a large number of studies on dietary habits and dietary factors in depression. Nevertheless, there is still a significant lack of research regarding the correlations of depression with health and nutrition in adult Korean women. Therefore, the current study used data from the Korea National Health and Nutrition Examination Survey (KNHANES), which is able to reflect the characteristics of adult Korean women, to examine two hypotheses: first, that depressed individuals would show poorer physical and mental health than non-depressed individuals; second, that depressed individuals would show poorer nutritional intake than non-depressed individuals. By comparing health and nutritional intake according to the presence or absence of depression for adult Korean women of different age groups, this study aimed to provide supporting data to assist in dietary management in depression.
Health status Obesity and body weight control
Obesity status was obtained from the health examination survey, and body weight control in the last year was obtained from the health survey. Obesity status was classified into "Underweight", "Normal", and "Obese", where BMI < 18.5 kg/m 2 is underweight, 18.5-24.9 kg/m 2 is normal, and ≥ 25 kg/m 2 is obese [6, 26] .
Current state of health
Daily activities, subjective health, menopausal status, and at least one diagnosis of a chronic disease (hypertension, hyperlipidemia, stroke, myocardial infarction, angina, diabetes, cancer) by a doctor were obtained from the health survey.
Mental health
Average daily sleep duration, usual perceived stress, and suicidal thoughts in the last year were obtained from the health survey.
Nutritional intake

Food intake
Within the nutrition survey, this study used the average intake frequency and the average intake per serving in the last year for 112 types of food from the food intake frequency survey. Daily intake frequency was calculated using the median of intake frequency responses, and intake per serving was converted to a ratio relative to the recommended daily intake amounts. Finally, daily intake frequency and intake per serving were used to obtain the servings/day.
The 112 food items were reclassified into the following 29 categories: white rice, rice and mixed grains, other rice, noodles, instant noodles/cup noodles, rice cakes, bread, pizza/ hamburger/sandwich, cereal, snacks, chocolate, starchy root vegetables, sugars, beans, nuts, vegetables/mushrooms/seaweed, kimchi, fruit, meat, processed meat, eggs, fish and shellfish, processed fish and shellfish, milk and dairy, oils, coffee, carbonated drinks, tea, and alcohol.
Nutrient intake
Daily food intake data had been collected by the 24-hour dietary recall method. Average daily nutrient intake was obtained for the 21 nutrients.
Index of nutritional quality (INQ)
The food intake data used were collected by the 24-hour dietary recall method, as part of the nutrition survey. The INQ is an index that has been corrected for energy intake and evaluates whether an individual is consuming the recommended http://dx.doi.org/10.7762/cnr.2016.5.2.112 amount of individual nutrients. It is represented by the ratio of nutrient intake per 1,000 kcal to recommended nutrient intake per 1,000 kcal. Hence, for meals with an INQ greater than 1.0 for a particular nutrient, intake of this nutrient is high relative to energy intake, and so, the quality of that meal is considered high. Meanwhile, if a meal has an INQ of less than 1.0, this means that the nutrient intake is low relative to energy intake and so the quality of that meal is considered to be low [27] . As with the nutrient adequacy ratio (NAR), this was calculated for nine nutrients. INQ = nutrient intake per 1,000 kcal / recommended nutrient intake per 1,000 kcal
Recommended Food Score (RFS)
The daily number of meals and the average intake frequency over the last year for 112 types of food were obtained from the food intake frequency survey, as part of the nutrition survey. The RFS is a method for evaluating the quality of meals, developed by Kant et al. [28] Based on the weekly intake frequency of healthy foods such as mixed grains, fruit, vegetables, lean meat, and low-fat dairy products, 1 point is given for foods consumed at least once per week, and 0 points are given for foods consumed less than once per week. In South Korea, Kim et al. [29] calculated the RFS using Korean foods to suit the domestic dietary environment, using categories of grains, beans, vegetables, seaweed, fruits, seafood, dairy, and nuts [30] . In the current study, the method of Kim et al. [29, 30] was used with a few changes.
In this study, a total of 43 items were analyzed: the daily number of meals eaten, plus 42 types of food. One point was given if all three meals were eaten each day, and for the remaining food categories, 1 point was given if the intake frequency was at least once per week, and 0 points were given if the intake frequency was less than once per week, meaning that the maximum possible score was 43 points. Food categories were classified as grains (1 item), beans (6), vegetables (10), seaweed (4), fruits (11), seafood (6), dairy (3), and nuts (1).
Statistical processing
SAS program (version 9.3, SAS Institute Inc., Cary, NC, USA) was used for statistical analysis of all data, applying the proc survey procedure such as proc surveyreg. Data analysis for the KNHANES utilized stratification variables and cluster variables.
The t-test and Chi-square test were used to analyze differences in general characteristics, social characteristics, obesity, body weight control, health, and mental health according to depression status, as well as for the comparative analysis of nutrition intake assessment according to nutrient intake and food intake. The statistical significance level was p < 0.05. Table 1 displays the general characteristics for the depression group and the non-depression group in this study. The average ages in the depression group and the non-depression group, respectively, were 23.6 ± 0.5 and 24. 1 ± 0.2 years for the 19-29 age group, 40.9 ± 0.6 and 39.6 ± 0.2 years for the 30-49 age group, and 56.7 ± 0.4 and 56.4 ± 0.2 years for the 50-64 age group. Body weight, height, and BMI were lower for the depression group than the non-depression group in the 50-64 age group (p < 0.0004, p < 0.009, p < 0.007), and waist circumference was significantly higher for the depression group in the 30-49 age group (p < 0.045). In terms of education, the proportion of middle school graduates or lower in the 30-49 and 50-64 age groups (p < 0.001, p < 0.001) was higher for the depression group, while the proportion of college graduates or higher was significantly higher in the non-depression group. In terms of alcohol consumption, the depression group featured a higher number of individuals in the 30-49 and 50-64 age groups (p < 0.0001, p < 0.010) who drank at least four times per week, while the proportion of non-drinkers in the non-depression group was significantly higher. In terms of smoking, the proportion of current smokers was higher in the depression group for the 19-29, 30-49, and 50-64 age groups (p = 0.002, p = 0.0002, p = 0.012), while the proportion of never smokers was significantly lower in the depression group. Table 2 displays the social characteristics for the depression group and the non-depression group in this study. The proportion of subjects living in rural areas was higher in the depression group for the 19-29 and 50-64 age groups (p = 0.007, p = 0.033). In terms of economic activity, the proportion of unemployed and economically inactive subjects was significantly higher in the depression group for the 19-29 age group (p = 0.003). The depression group showed a higher proportion of low income than the non-depression group in the 30-49 age group (p = 0.003), while the proportion of upper middle and high income was significantly lower in the depression group. In terms http://dx.doi.org/10.7762/cnr.2016.5.2.112 of marital status, the depression group showed a significantly higher proportion of separated/bereaved/divorced subjects in the 30-49 and 50-64 age groups (p < 0.0001, p = 0.050). Table 3 displays the results for obesity and body weight control in the depression group and the non-depression group in this study. The depression group showed a lower proportion of underweight and obese subjects than the non-depression group in the 50-64 age group (p = 0.017), and showed a higher proportion of subjects with normal BMI. The proportion of subjects who had attempted to lose weight or gain weight in the last year was higher in the depression group for the 30-49 age group (p = 0.001), while the proportion of subjects who had attempted to maintain their weight or who had never attempted body weight control was lower in the depression group. The depression group showed a lower proportion of subjects who had attempted to lose weight, maintain body weight, or had never attempted body weight control for the 50-64 age group (p = 0.043), while the proportion of subjects who had attempted to gain weight was significantly higher for the depression group than the non-depression group. Table 4 displays the current state of health for the depression group and the non-depression group in this study. The proportion of subjects with impairment of daily activities was significantly higher in the depression group for the 19-29, 30-49, and 50-64 age groups (p = 0.0004, p < 0.0001, p < 0.0001), while the proportion of subjects with "bad" or "very bad" subjective health was significantly higher in the depression group for the 30-49 and 50-64 age groups (p < 0.0001, p < 0.001). The proportion of subjects who had undergone menopause was significantly higher for the depression group in the 19-29 and 50-64 age groups (p = 0.030, p = 0.027), while the depression group also showed a significantly higher proportion of subjects in the 30-49 age group (p = 0.0003) who currently had at least one chronic disease. Table 5 displays the mental health results for the depression group and the non-depression group in this study. In terms of perceived stress, the depression group showed a significantly higher proportion of subjects reporting "a lot of stress" or "quite a lot of stress" for the 30-49 and 50-64 age groups (p < 0.0001, p < 0.0001). The proportion of subjects who reported suicidal thoughts within the last year was significantly higher in the depression group than the non-depression group for the 19-29, 30-49, and 50-64 age groups (p < 0.0001, p < 0.0001, p < 0.0001). Table 6 shows the food intake amounts for the depression group and the non-depression group in this study. For the 19-29 age group, the depression group showed significantly lower intake of cereal (p = 0.008), chocolate (p = 0.029), meat (p = 0.048), and carbonated drinks (p = 0.022). For the 30-49 age group, the depression group showed significantly lower intake (in servings/day) of rice with mixed grains (p = 0.002), and significantly higher intake of instant noodles and cup noodles (p = 0.004). For the 50-64 age group, the depression group showed significantly lower intake of vegetables, mushrooms, Table 4 . Physical health status between depression group and non-depression group and seaweed (p = 0.045). Table 7 shows the nutrient intake for the depression group and the non-depression group in this study. Compared to the non-depression group, the depression group showed significantly lower intake of fat (p = 0.045), saturated fat (p = 0.013), and n-3 fatty acids (p = 0.033) for the 50-64 age group. Table 8 displays the INQ and RFS for the depression group and the non-depression group in this study. In the 19-29 age group, the INQ for protein was significantly lower in the depression group than the non-depression group (p = 0.017), but since it was higher than 1.0, there was no problem with the quality of meals. Similarly, the INQ for iron was significantly lower in the depression group for the 19-29 age group (p = 0.038), but the value was higher than 1.0, and so there was no problem with the quality of meals. The INQ for niacin was significant lower in the depression group for the 19-29 and 50-64 age groups (p = 0.003, p = 0.045), but there were no problems with meals for either of these groups. The INQ for calcium was below 1.0 in both the depression and the nondepression group for all age groups, and the INQ for vitamin C was below 1.0 in both the depression and the non-depression group for the 19-29 age group, indicating a low quality of meals for these two nutrients. In the 50-64 age group, the RFS of 13.75 ± 0.63 for the depression group was significantly lower than the score of 15.23 ± 0.39 for the non-depression group (p < 0.045).
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Discussion
The current study aimed to investigate the association of depression with health and dietary habits in different age groups of adult Korean women, by comparing health and nutrition intake in a depression group and a non-depression group.
In the 50-64 age group, the proportion of underweight and obese subjects was lower in the depression group than in the non-depression group, while the proportion of individuals with normal BMI was significantly higher. A study of 50-89-yearold women in the United States reported that there was no correlation between obesity and the risk of depression [31] . However, in a study of targets for adult disease screening, obese women with a BMI of at least 27 kg/m 2 were reported to have strong depressive tendencies [32] , and there have been several recent studies supporting a positive correlation between depression and obesity [33] . Therefore, it is thought that the relationship between depression and obesity will require additional study in the future.
The proportion of subjects with impairment of daily activi- ties was significantly higher in the depression group for all age groups. One previous study of adult women with disability reported an association between depression and disability grade, multiple disabilities, and health status [34] , while an analysis of the pathway between physical function and depression in patients in a geriatric ward in Pittsburgh, in the US, reported an effect of physical function on depression. Higher rates of depression have been reported in patients with overall restriction of activity, as well as restricted activity due to cardiac disease, stroke, hypertension, fracture or joint injury, arthritis or rheumatism, respiratory disease, visual disability, or disability of the neck [35] . These results are broadly consistent with the results of our study. For the 30-49 and 50-64 age groups, subjective health was worse in the women in the depression group than in the women in the non-depression group. A previous study in middle-aged women also reported that better health was associated with milder depression severity, and that severity of depression increased with poorer self-perception of physical condition [36] . Another study on the relationship between depression and subjective health perception reported that milder depression sensitivity was associated with better self- perception of health [37] .
For the 19-29 and 50-64 age groups, the depression group showed a significantly higher proportion of subjects who had experienced menopause. In a previous study, a group of individuals who had experienced menopause showed a higher severity of depression [38] , while a study investigating intermediary variables between menopause and depression in 45-54-yearold Turkish women reported that sleeping difficulties and changes in memory, as symptoms of menopause, were significant predictive factors of depression [39] . Although the age of menopause varies among countries, the average age of menopause for women in developed countries is generally 52 years, while the average age in Korean women is 49.3 years, in Turkish women it is 45.8 years, and in Mexican women it is 48 years [40] [41] [42] .
For the 30-49 age group in the present study, the proportion of subjects currently diagnosed with at least one chronic disease was significantly higher in the depression group than in the nondepression group. This is consistent with other results, such as the findings of a study of 40-year-old adults that women with an existing disease were more likely to experience depressed moods [43] , and a study reporting a higher rate of depression in a group with hypertension, stroke, myocardial infarction, or angina compared to the group without any of these diseases [35] . The vascular depression hypothesis is based on the idea that vascular diseases such as diabetes, hypertension, and cardiac disease cause cerebral small vessel disease in subcortical regions of the brain, and that this, in turn, causes depression through the impairment of neurobiological function [44] . Conversely, there are also reports that the excessive secretion of adrenocortical hormones in depression causes accumulation of fat, abdominal obesity, diabetes, and hypertension [45] .
Perceived everyday stress was significantly higher in the depression group for the 30-49 and 50-64 age groups. In one study of factors affecting depression in menopausal women, stress had the most explanatory power at 53%, compared to 3% for menopausal symptoms, 2% for marriage adaptation, and 1% for health promoting behaviors [38] .
In terms of suicidal thoughts in the last year, the depression group showed a significantly higher proportion of subjects with suicidal thoughts compared to the non-depression group, for all age groups. Similarly, a study of female dental hygiene students showed that higher levels of depression were associated with more frequent thoughts about death, experience of suicidal impulses, and suicide attempts [46] . A study in rural areas in Iowa, in the US, also reported that suicidal thoughts were most common in middle-aged individuals of 45-64 years, and showed a strong association with depression [47] .
In terms of food intake, for the 19-29 age group, the depression group showed a lower intake of cereal, chocolate, meat, and carbonated drinks compared to the non-depression group. For the 30-49 age group, the depression group showed a lower intake of rice with mixed grains, and a higher intake of instant noodles and cup noodles. For the 50-64 age group, the depression group showed a significantly lower intake of vegetables, mushrooms, and seaweed. In a previous study, high intake of fruits, vegetables, and fish was reported to protect against depressive symptoms in 19-29-year-old women, while processed meats, chocolate, sweet desserts, fried food, refined grains, and high-fat dairy products were reported to increase vulnerability to depressive symptoms [48] . The diet used for depression in a study from the United Kingdom consisted of reducing sugar and stimulants such as caffeinated drinks and nicotine, increasing fruit and vegetable intake to five servings/day, consuming oily fish such as mackerel, tuna, salmon, or herring at least twice a week, and consuming plenty of protein from fish, meat, eggs, beans, and pulses [49] .
For 30-49-year-old women, a prospective cohort study in the United Kingdom showed that high scores for depression were associated with a high intake of sweet desserts, fried food, processed meat, refined grains, and high-fat dairy products [50] , while a higher prevalence of psychiatric symptoms was reported in subjects with deficiency of folic acid from fruit, vegetables, beans, and seaweed [51] . A study from Spain also reported that fast food could increase the risk of depression [52] . However, a study of the 20-39-year-old subjects who participated in the US National Health and Nutrition Examination Survey in 1999-2000 and 2001-2002 did not discover a significant association between depression and consumption of fish or seafood [53] .
For 50-64-year-old women, one study of middle-aged adults in the United Kingdom reported a negative correlation between depressive symptoms and meals consisting of natural foods, including large amounts of vegetables, fruit, and fish, while the authors also reported a positive correlation with processed foods, including large amounts of processed meat, fried food, refined grains, and sweet desserts [50] . Another study from China reported a relationship between depression and intake of fish, and high intake of fish was reported to reduce the risk of depression in Europe, but was reported to show no correlation in Asia, North America, South America, or Oceania [54] .
In terms of nutrient intake, the 50-64 age group showed a significantly lower intake of fat, saturated fat, and n-3 fatty acids in the depression group compared to the non-depression group. A study of female college students in Spain reported that low intake of n-3 fatty acids was related to depression [55] . N-3 fatty acids (omega-3 fatty acids), eicosapentanoic acid, and docosahexanoic acid are specific polyunsaturated fatty acids that are found in high concentrations in the brain and the phospholipid membranes of nerve cells [56] , and a lack of n-3 fatty acids can lead to changes in plasma membrane microviscosity that can alter the neurotransmitter systems and progress to mood disorders [57] . A study from France reported that Eskimos consume up to 16 g of fish oil per day, and that this high intake of n-3 fatty acids promotes production of the neurotransmitter dopamine over the long-term, causing the emotional centers of the brain to produce a pleasant mood and improving the efficacy of treatment for depression [58] . In a study from the United States, a high ratio of n-6 fatty acids to n-3 fatty acids in the diet was reported to contribute to an increased incidence of depression and worsening severity of depression [59] . However, in a case-control study from Japan, depression was not associated with any difference in consumption frequency of fish or polyunsaturated fatty acids [60] .
For the 19-29 age group, the INQs for protein, iron, and niacin were lower in the depression group than in the non-depression group, while for the 50-64 age group, the INQ of niacin was significantly lower in the depression group. In a previous study of adult women, the INQs for protein, phosphorus, calcium, vitamin A, vitamin B 1 , and vitamin B 2 were lower in the depression group than in the non-depression group, while the INQs for calcium and vitamin B 2 were below 0.75 in both groups, indicating a poor quality of meals for these nutrients [13, 61] .
The RFS is a method of assessing the quality of meals based on the weekly frequency of consumption of healthy foods, such as mixed grains, fruit, vegetables, lean meat, and lowfat dairy products. For the 50-64 age group, the depression group showed a significantly lower RFS than the non-depression group, and a high RFS was associated with less depression. A study of adults in Japan found that a healthy Japanese diet, characterized by high intake of vegetables, fruit, tofu, and mushrooms, was associated with a reduced prevalence of depressive symptoms [62] .
This study had several limitations: first, since the KNHANES was a cross-sectional study, it is unable to elucidate causation for the factors that affect depression. Second, nutrient intake was calculated as daily intake based on the 24-hour dietary recall method, but this does not provide a perfect estimate of everyday intake. Nevertheless, by using data from the food consumption frequency survey, consisting of 112 foods commonly eaten by Koreans, it was possible to examine the relationship between intake of each food and depression. In spite of its limitations, this study can be considered important insofar as it has investigated various factors related to depression within sociodemographic characteristics, health, and nutrition for different age groups of adult women in South Korea.
Conclusion
In terms of sociodemographic characteristics, South Korean women with depression were more likely to drink and smoke, were more likely to live in an rural area, were more likely to be unemployed or economically inactive, and were more likely to be separated, bereaved, or divorced, while they showed lower education levels and incomes. For all age groups studied, women with depression showed poorer health than healthy subjects, and the 30-49 and 50-64 age groups, in particular, demonstrated significant differences for many variables. Depressed subjects also showed poorer nutrition than healthy subjects for all age groups. Therefore, in adult Korean women of different ages, health and nutrition were found to be related to depression, while this association was increased for older age groups.
Nutritional deficiencies that result from depression can be important factors that worsen mental health and can cause other diseases. Therefore, together with efforts to improve health and diet, various psychological factors also need to be considered when planning and implementing a nutrition plan to manage dietary habits in individuals with depression. In the future, we think it will be necessary to continue performing research into various factors that can provide directions for dietary management in depression for adult women of different age groups. Prospective and clinical studies should be favored over crosssectional studies.
